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The discovery of GRBs

Introduction…



Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and under Water

Signed by the Original Parties, the Union of Soviet Socialist Republics, the United Kingdom of Great Britain

and Northern Ireland and the United States of America at Moscow: 5 August 1963

The Governments of the United States of America, the United Kingdom of Great Britain and Northern Ireland, and

the Union of Soviet Socialist Republics, hereinafter referred to as the "Original Parties,"

Proclaiming as their principal aim the speediest possible achievement of an agreement on general and complete

disarmament under strict international control in accordance with the objectives of the United Nations which would

put an end to the armaments race and eliminate the incentive to the production and testing of all kinds of weapons,

including nuclear weapons,

Seeking to achieve the discontinuance of all test explosions of nuclear weapons for all time, determined to continue

negotiations to this end, and desiring to put an end to the contamination of man's environment by radioactive

substances,

Have agreed as follows:

Article I

1. Each of the Parties to this Treaty undertakes to prohibit, to prevent, and not to carry out any nuclear weapon test

explosion, or any other nuclear explosion, at any place under its jurisdiction or control:

(a) in the atmosphere; beyond its limits, including outer space; or under water, including territorial waters or high

seas; or



How to detect

a nuclear explosion ?

- Seismic signals

- Very low frequency sound waves

- Gamma-rays

Signatures :

The « VELA » program

(3 pairs of satellites,

launched in 1963, 1964 and 1965)



The discovery of GRBs



The discovery of GRBs



What is a Gamma-Ray Burst ?

NASA



1970-1980 : GRBs are studied by several satellites.

90’ : BATSE experiment onboard CGRO

Beppo-SAX satellite (april 1996 – april 2002)

2000’ : HETE-2 satellite (launch: october 2000)

INTEGRAL observatory (launch: october 2002)

SWIFT satellite (launch: october 2004)

What is a Gamma-Ray Burst ?



Detecting GRBs



Main GRB properties

Observations



1991-2000 : BATSE  ! 1 GRB per day (total : 2704 GRBs)

Observations : GRB rate



Two groups

! 100 ms

! 10 s

4th BATSE catalog : Paciesas et al. (1999)

Observations : GRB duration



T90 = 6.0 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



T90 = 10 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



T90 = 18 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



T90 = 51 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



T90 = 90 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



T90 = 130 s

(4th BATSE catalog, Paciesas et al. 1999)

Observations : time profiles



CGRO data (Briggs et al. 1999)

Ep = 720 keV

" = -0.6

# = -3.1

Observations : spectrum



PHEBUS : Dezalay et al. (1996)

short/hard
vs

long/soft

Obs : spectrum vs time profile



BATSE trigger 543 (Crider et al. 1999)

Ep

Obs : spectrum vs time profile



The GRB distance scale

… a question for 30 years



GRB localization

BATSE : comparison between count rates in different detectors.
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GRB localization

BATSE : comparison between count rates in different detectors.
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GRB localization

BATSE : comparison between count rates in different detectors.
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BATSE : comparison between count rates in different detectors.
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BATSE : comparison between count rates in different detectors.



CGRO
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BATSE : comparison between count rates in different detectors.



CGRO
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BATSE : comparison between count rates in different detectors.



$ = 0 °

IPN : difference in arrival times for several satellites.
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Distance D
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D/c = 33 ns (D / 10 m) = 500 s (D / 1 UA)
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IPN : difference in arrival times for several satellites.

GRB localization
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$ = 30 °

%t = d / c = (D/c) sin $

D/c = 33 ns (D / 10 m) = 500 s (D / 1 UA)
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$ = 45 °

%t = d / c = (D/c) sin $

D/c = 33 ns (D / 10 m) = 500 s (D / 1 UA)
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$ = 0 °

Beppo-SAX / HETE-2 / INTEGRAL / SWIFT : coded mask

Coded mask

Detector

GRB localization
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Beppo-SAX / HETE-2 / INTEGRAL / SWIFT : coded mask

Coded mask

Detector



$ = 15 °

D
is

ta
n

ce
 D

$ = 0 °

GRB localization

Beppo-SAX / HETE-2 / INTEGRAL / SWIFT : coded mask

Coded mask

Detector



The SWIFT coded mask



BATSE = a few degrees

IPN = better than one arc minute but slow

Beppo SAX / HETE-2 / INTEGRAL / SWIFT = a few arc minutes

GRB localization



Distribution of locations



Nearby starsPlanetary nebulaeGlobular clustersNearby galaxiesRadio-galaxiesGamma-ray bursts

Distribution of locations



Distribution of locations



# Uniformly distributed sources within a sphere
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Distribution of peak flux



$ Cosmological sources

Cosmological distances
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Observed log N – log P diagram :

Distribution of peak flux



Great debate (1995) :

the distance scale to GRBs
cf. Great debate (1920) : the scale of the Universe

H. Shapley vs H.D. Curtis

H. Shapley : spiral nebulae = gaz nebulae inside a big single Galaxy.

H.D. Curtis : spiral nebulae = other galaxies like the Milky Way.

Solved in the mid-20’ by Hubble (cepheids in M31).

1995 : B. Paczynski vs D. Lamb,

(moderator: M. Rees)

D. Lamb : galactic « super-halo »

B. Paczynski : cosmological GRBs

Solved in 1997 by Beppo-SAX : first optical counterpart.



1997 : the answer

Beppo SAX = a few arc minutes.

Discovery of the first optical counterpart in 1997

by van Paradijs’ group.



1997 : afterglows

GRB afterglows :

! fast temporal decay

! spectral evolution :

     X , visible, radio

GRB 970228
(Fruchter et al. 1999)



1997 : afterglows

First optical counterpart : GRB 970228

Second optical counterpart : GRB 970508 ! spectrum.

Identification of redshifted absorption lines : cosmological origin !



1997 : afterglows

GRB 970508 : z = 0.835
(Metzger et al. 1997)

This GRB was emitted when the Universe was 6.5 Gyr old only !



1997 : afterglows

Host galaxy : same redshift ! (mission lines)
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GRBs are cosmological !

Redshift z = 4.5 :

the Universe is 1.4 Gyr old !

Long GRBs only !



Nemiroff 1994

Consequences



More observations

« the afterglow era »



BATSE data

mV = 12 mV = 9 mV = 10

GRB 990123 : optical flash



GRB 990123 : optical flash



Power-laws :

F& (t) ' &-"  t-#

GRB 970228
(Fruchter et al. 1999)

Panaitescu & Kumar (2001)

GRB 970507 @ 12 days
(Galama et al. 1998)

Afterglows :

light curve and spectrum



(Vreeswijk P., PhD thesis, 2001)

GRB host galaxies



Bloom et al. 2002

GRB location in the host

Central regions.



GRB 980425 / SN 1998bw

z = 0.008

A very energetic supernova

associated with a weak GRB.

Galama et al. 1998

(NTT)



Stanek et al. 2003

GRB 030329 / Type Ic SN

(Discovery by HETE-2)

A « standard » energetic

cosmological GRB (z=0.17)

associated with a type Ic SN.

A least a fraction of long GRBs

are associated with supernovae.



Soft GRBs

HETE-2 has confirmed the existence of soft or very soft GRBs :

(GINGA, BeppoSAX) : X-ray rich GRBs and X-ray Flashes.

 (Barraud et al. 2002)

Same properties (variability, duration, …) BUT softer emission.

GRBs

X-ray rich GRBs (XRRs)

X-ray flashes (XRFs)

Intensity
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Amati relation

HETE-2 GRBs

Amati et al. 2002. 
GRB 980425



GRB rate

Assume a constant efficiency for GRB production by stars :

1 GRB (pointing towards us) for 106 supernovae

i.e. 1 GRB (pointing towards us) per 50 Myr per galaxy.

Correction for the beaming factor :

1  GRB per 2000 supernovae

i.e. 1 GRB per 100 000 yr per galaxy.

Only a small fraction of massive stars produce GRBs.



Recent results

… SWIFT !



Localizations : better, faster

Since january 2005 :

INTEGRAL : 14 GRBs (2’ to 3’) and 1 redshift.

HETE-2 : 11 GRBs (2’ to 15’) and 3 redshifts.

SWIFT : 110 GRBs (2’ to 4’) and 29 redshifts !

Afterglow detections

The afterglow is detected at earlier epoch :

Unexpected complexity of the GRB to afterglow transition.

Most distant GRB : z = 6.29 (the Universe is 750 Myr old).
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Short GRBs

First redshift of a short GRB !          z = 0,266

(SWIFT+HETE-2 : 3 short GRB afterglows)

Elliptical host galaxy + afterglow far from the center:     NS+NS mergers ?



Redshift distribution

Jakobsson et al. 2005



GRB 050904 at z = 6.29 !

Timescales are multiplied by 1+z = 7.3 ! (T90>200 s)

TAROT detection :

86 s after the burst : I~16

(Quasar : z = 6.37, I=23.3)



Kawai et al. 2005 (Subaru)

GRB 050904 at z = 6.29 !



How to produce a GRB

Models...



Energetics

Isotropic equivalent energy :

E(,iso = 1051 ! 1054 erg…

True energy :

(correction for the beaming factor)

E( ) 1051 erg

(Frail et al. 2001)

GRB : energy radiated in gamma-rays ~ SN : kinetic energy !



Energy radiated in (-rays : E( = f* 1051 erg

Variability :  tvar + 10 ms

Beaming

R
Source size :  R + c tvar + 3000 km

Opacity ,(( - e+e- :  ,(( ! f(( E( .T / 4/ R2 mec
2

 ,(( 0 7 1014 f* f((

Problem :

non-thermal spectrum

   1 optically thin medium

Fraction of photons above the pair

production threshold (10-3 – 10-2).

Compactness problem



R

Expanding source : Lorentz factor 2

(i) in the comoving frame of the emitting material, the
photon energy is divided by 2, the fraction f(( is divided by

22#+2.

High energy slope

mec
2

&

& F&

Observed
spectrum

mec
2

& F&

Comoving
spectrum

&

2

Relativistic motion

Energy radiated in (-rays : E( = f* 1051 erg

Variability :  tvar + 10 ms

Beaming



R

Expanding source : Lorentz factor 2

(i) in the comoving frame of the emitting material, the
photon energy is divided by 2, the fraction f(( is divided by

22#+2.

Relativistic motion

Energy radiated in (-rays : E( = f* 1051 erg

Variability :  tvar + 10 ms

(ii) the size of the emitting region can be multiplied by 22.

1/2

R

Observer

%R = R (1 - cos $) = R / 2 22

%tobs = R / 2 22 c
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Minimal requirements

for a GRB model

Cosmological distance

Isotropic equivalent energy : E(,iso = 1051 ! 1054 erg…

[ True energy : E( ) 1051 erg ]

Minimum Lorentz factor (to solve the « compactness problem ») : 2 > 100…

Variability timescales/Duration : a few ms to a few 100 s

Rate : ~1 GRB (pointing towards us) for 106 supernovae



r0

Energy E released

in volume r0

Mass : Mc2 << E

Fireballs



Hydrodynamics
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1D – Spherical symmetry – Adiabatic : Special relativity

Mass conservation :

Momentum conservation :

Energy conservation :

E.O.S. :         Lorentz factor :               Specific enthalpy :

Hydrodynamics
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1D – Spherical symmetry – Adiabatic : Special relativity

Retarded time :      s = t-r

Hydrodynamics
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1D – Spherical symmetry – Adiabatic : Special relativity

Mass conservation :

Momentum conservation :

Energy conservation :

E.O.S. :         Lorentz factor :               Specific enthalpy :

Hydrodynamics
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High Lorentz factor :

Mass conservation :

Therefore :                                    for small radii.

Same calculations for energy-momentum conservation.

Hydrodynamics
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Fireballs

To check later : width %~cst

Then :

Mass conservation :

Energy conservation :

Adiabatic motion :
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Fireballs

To check later : width %~cst

Mass conservation :

Energy conservation :

Adiabatic motion :

Energy-dominated phase :

Then :

(for                  )
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Fireballs

To check later : width %~cst

Mass conservation :

Energy conservation :

Adiabatic motion :

Energy-dominated phase :

Matter-dominated phase :

Then :
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Fireballs

Energy-dominated phase :

Matter-dominated phase :

Terminal Lorentz factor :

End of acceleration :

Constant width :
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Fireballs
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Initial temperature :

Temperature (comoving frame) :

Temperature (source frame) :

Transparent to pairs : (usually :                   )

The fireball cannot be purely leptonic (thermal spectrum) : baryonic pollution !

Fireballs
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Fireballs : summary

Acceleration :

Transparency :

Spreading :
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Initial event :

Formation of a stellar mass black

hole surrounded by a thick

accretion disk.

(collapsar, coalescence ?)
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! Relativistic ejection :

Mechanism ?

Small bayonic pollution ?

Collapsars : how to escape the infalling star ?
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" End of the acceleration phase:

Terminal Lorentz factor 2 0 100 !

Relativistic ejection
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% Transparency :

It is now possible for the ejecta to convert

a fraction of its kinetic energy into

radiation.

End of acceleration

Relativistic ejection
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Transparency

& Internal shocks :

Gamma-ray emission = GRB.

Rees & Meszaros 1994

End of acceleration

Relativistic ejection



GRB lightcurve

Ris : internal shocks
Ris ! 6.1014 22

2 tvar,s cm

Shell ejection : 21Shell ejection : 22>21Shell ejection : 23>22

Racc

Rph

Observer

Relativistic ejecta :
- Width ! 3.1010 tw,s cm
-  Variable Lorentz factor
   (mean value 2!100)

- Kinetic energy Lkin ! 1051- 1055 erg/s (isotropic eq.)

Ris

23rays

Ris : internal shocks
Ris ! 6.1014 22

2 tvar,s cm

23rays

Internal shocks
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Transparency

Internal shocks

' Reverse shock :

Emission ? (visible ; X-rays)

End of acceleration

Relativistic ejection



S
c

e
n

a
r

io

Transparency

Internal shocks

Reverse shock

( Contact discontinuity :

External medium : density profile ?

End of acceleration

Relativistic ejection
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Transparency

Internal shocks

Reverse shock

Contact discontinuity

) Forward shock :

Deceleration of the relativistic ejecta.

Emission = afterglow.

End of acceleration

Relativistic ejection



Initial evolution : 2 >
1/$0

Late evolution : 2 < 1/$0

Rph

Ris

Rdec

Rph!6.1012 22
-3 Lkin,52 cm

Last internal shocks :
Ris!6.1015 22

2 tw,1 cmDeceleration radius :
Rdec!1.2 1017 Ekin,53

1/3 n-1/3 22
-2/3 cm

Flux @ 6.0 keV Flux R Band

F&

ta

F&

ta

2 = 1/$0

! -1.4 ! 0.5
! -1.1

$0

break
break

External shock
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Transparency

Internal shocks

Reverse shock

Contact discontinuity

Forward shock

* Lateral expansion :

Starts when the Lorentz factor has

decreased.

End of acceleration

Relativistic ejection
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End of acceleration

Transparency

Internal shocks

Reverse shock

Contact discontinuity

Lateral expansion

Relativistic ejection

Forward shock



Collapsar…

… or NS/BH+NS merger ?

Stellar mass black hole formation
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Progenitor : 35 M
!

(helium core : 14 M
!

)

(MacFadyen & Woosley 1999)

Black hole

Thick disk
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Heger et al.

Many possibilities :

* Two steps collapse : SN + a possible GRB

* Direct collapse : GRB without SN ?

  (NB: a dense wind could mimic a SN lightcurve)
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Baryonic pollution : must be small.

!!

1. Neutrino-antineutrino annihilation

along the rotation axis

(pb : low efficiency)

Relativistic ejection



B
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2. MHD outflow :

From the disk

and/or the BH (Blandford-Znajek process)

Relativistic ejection

Baryonic pollution : must be small.



Relativistic ejection

•Poorly understood process

•Two energy reservoirs : binding energy of the disk (accretion)

         + rotation energy of the black hole (BZ)

•Magnetic field ?

•How to escape the collapsing star ?

•Baryonic pollution ?

Physical conditions to reach an

ultra-relativistic (2>100)

and

ultra-energetic (>1050 erg)

outflow ?
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Transparency

Internal shocks

Reverse shock

Contact discontinuity

) Forward shock :

Deceleration of the relativistic ejecta.

Emission = afterglow.

End of acceleration

Relativistic ejection
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=
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Dynamics

The swept-up mass Mext depends
on the density profile in the external medium :

4 = A / rs

Mext = 4//(3-s) A r3-s

Deceleration radius : Mext = M0/20 = E0 / 20
2 c2

Rdec = [ (3-s)/4/   E0 / A 20
2 c2 ]1/(3-s)

Rdec = 1.2 1017 E53
1/3 n0

-1/3 22
-2/3 cm    for s = 0 and A = n mp

Rdec = 1.8 1015 E53 A*
-1 22

-2 cm    for s = 2 and A = 7.6 1011 A* g/cm (WR)
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Relativistic ejecta :

20 = 400

E0 = 1053 erg
M0 = E0/20c

2 =1.4 10-4 M
!

External medium :

Uniform (s=0): n = 1 cm-3

Stellar wind (s=2): A* = 1
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Radiation

(1) Physical conditions in the shocked medium:
    given by BM solution.

5* = 2 c
2

4* = 4 2 4ext

(2) Magnetic field–Relativistic electrons: “equipartition”

B2 / 8/ = "B 4* 5* 1 B = ( 32 / "B 4ext )
0.5 2 c

(4*/mp)2emec
2 = "e4*5* 1 2e= (mp / me) 5*/c

2

(3) Synchrotron spectrum : fast or slow cooling (Sari et al. 1998)E
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Sari et al. 1998

t’ex  = R / 2 c
t’syn = 6/ me c /.T / B2 / 2e
       = t’ex ( 2e / 2c)

-1

2e > 2c : efficient radiative
cooling

For 2min > 2c : «!fast cooling!»
all electrons lose  

radiatively their energy
 in t’ex.
For 2min < 2c : «!slow cooling!»

most electrons do not  
radiate efficiently.

External shock



Other effects

(1) Opening angle of the “jet” :

Break in the afterglow lightcurve :

< (*/4/)-1 > " 500 (Frail et al. 2002)

(2) Modification of the dynamics due to radiative losses

(3) More realistic radiative processes : Compton inverse, etc…E
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Obs

     Time

F
lu

x

Initial phase

2 ) cst >> 1/$0

Deceleration

2 > 1/$0 2 < 1/$0

Break

$0

Opening angle ?
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Transparency

& Internal shocks :

Gamma-ray emission = GRB.

Rees & Meszaros 1993

End of acceleration

Relativistic ejection
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Daigne & Mochkovitch 1998

Status : - dynamics: well understood,

- Radiative processes (an microphysics : e- acceleration, B

  amplification, …) : poorly understood.

Model : - GRB temporal properties well reproduced,

- spectro-temporal evolution reproduced,

- etc…

Questions :

- Radiative processes ?

- Spectral shape ? (low / high energy ?)

- Efficiency ?

Observations : needs a broader spectral range in the prompt phase

(GLAST, ECLAIRs, …).



Internal shocks :

the prompt emission is dominated by the radiation of shock-accelerated

electrons.

Luminosity :
kinde4,rad LfL !!"#$

Initial kinetic energy flux

Internal shock efficiency

Fraction of the dissipated energy which is injected

in the non-thermal population of electrons
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Internal shocks :

the prompt emission is dominated by the radiation of shock-accelerated

electrons.

Luminosity :

Peak energy (source frame) :

Standard synchrotron process : x=0.5, y=2.5

kinde4,rad LfL !!"#$
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x21x6

xy

x

kincom

pp

)(L
KE2E

!

"
#

$

%
&'$&

Initial kinetic energy flux

Typical ratio 2max / 2min

in internal shocks

Mean Lorentz factor in the flow

Typical timescale

~ observed GRB duration
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Amati relation is possible if there is a low dispersion of K, 6, 2, ,…

If there is no intrinsic correlation between some of the parameters,

the internal shock model predicts a lot of scatter.

However, « unusual » events (980425, 021203, …) seem to indicate

that there is indeed some diversity in the GRB population…
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Lorentz factor 2

K
in

et
ic
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n
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 f
lu

x
 L

k
in

Increasing Ep

Lines of

constant Ep

For K, 6, ,

fixed

Instrument

sensibility

Transparency

limit :

Internal shocks

occur too close

to the source

External medium limit :

deceleration occurs before

internal shocks
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Lorentz factor 2
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Instrument

sensibility

To reproduce XRFs,

one needs to change

an other parameter.

6 = 2max/2min

is prefered.

(Barraud, Daigne, Atteia

 & Mochkovitch 04)

Standard GRB

XRF

(normal luminosity, low Ep)
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Increasing Ep

Lines of

constant Ep

For K, 6, ,

fixed

Instrument

sensibility

GRB 980425-like event

(low luminosity, moderately low Ep)

Standard GRB
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Such events

can be

detected

only

at low zInstrument

sensibility

Standard GRB

GRB 980425-like event

(low luminosity, moderately low Ep)In
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Source

(collapsar ?)

Small fraction of events can produce

a highly energetic / highly relativistic outflow :

 * standard GRBs

 * X-ray rich GRBs / XRFs

    (lower baryonic pollution / smoother ejection)

These events can be detected at large z.

They have normal afterglows.

A larger but still small fraction of events lead to

a midly energetic / less relativistic outflow :

 * GRB 980425-like events

These events can be detected only locally.

They have weak afterglows. (see Soderberg et al. 04)

Most events do not produce a relativistic outflow.

SN ?

Continuum

GRB

031203 ?
(Sazonov et al. 04)

Internal shocks
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Internal shocks

Reverse shock

3 possible sites :

Ris ! 6.1014 22
2 tvar cm

Rdec ! 1.1017 22
-2/3 E53

1/3 n-1/3 cm

Maximum Lorentz factor ?

Comparison : - acceleration timescale

 - escape probability

- radiative timescale

Cf. Waxman, Lemoine & Sigl, Pelletier, etc.

Forward shock



GRB local rate …

~1  GRB for 2000 supernovae

i.e. 1 GRB every 100 000 years per galaxy.

This gives 1 GRB poiting towards us every 1000 years within 100 Mpc…

+ External shock : difficult ofr UHECRs,

uniform :

stellar wind :

+ Internal shocks :

* favored by large B

* late shocks : reverse shock ?

+ Protons VHE + gamma-rays : neutrino production

   (1015 eV neutrinos do not imply 1019 eV protons)

eVBnEE
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Accélération : choc externe

Goutelas 2-7 juin 2003 – Physique et Astrophysique du Rayonnement Cosmique
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Accélération : chocs internes

Goutelas 2-7 juin 2003 – Physique et Astrophysique du Rayonnement Cosmique
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Probing the distant Universe

using GRBs

Cosmology :



Redshift

0 ~ 3-7 ? ~ 10-30 1000 7

Observable
Universe

This region has
not been
directly

observed yet.

CMB«!The dark ages!» BBN

local Stars

z " 7-10 ? Quasars

z " 12 ? Afterglows

z " 15-20 ? GRBs

z " 1-2 ? Type Ia SN

GRBs can be detected at very large distance



Larson & Bromm, Scientific American, 2001

There are probably GRBs at very high z.

GRBs associated with first stars ?

(pop. III stars)



How to detect a high z GRB ?

• Infrared is needed (absorption in visible)

• Rapid observations are needed : 

Observing … 10 min after the burst

means in the source frame … 5 min after the burst at z = 1

55 s after the burst at z = 10

The source is intrinsically brighter, which partially compensates for the larger

luminosity distance.



How to detect a high z GRB ?

HETE-2 / INTEGRAL : good location (a few arc minutes)

SWIFT  / ECLAIRs in quasi real-time (1 min)

TAROT / REM / … : automatic pointings

afterglow detected ? : better location (arc second)

VLT / XSHOOTER : pointings in ~ 10-15 minutes !

Good spectroscopy of the afterglow.



Cosmology with GRBs

Example : GRB 050730 z=3.969

(Chen et al. 2005)

R=17.7, 4 hours after the burst.

ISM : N(HI)=22.15

Z/Z
+

~1/100

IGM : DLA @ z=3.564

LLS @ 3.022

MgII abs. @ z=2.253,1.773

1. Spectroscopy : ISM (host galaxy),

IGM.



Cosmology with GRBs

2. Detecting the first stars ? (do pop. III stars produce GRBs ?)

3. Tracing the high-z SFR ? (GRB progenitors ? evolution ?)

Daigne, Rossi, Mochkovitch 2006.

-Montecarlo simulations;

-Fit : log N–log P, Ep distribution and

 and XRR/XRFs fraction.

Impact of :

- Unknown intrinsic GRB physics;

- Intrinsic rate.



The rate of high z GRBs

SFR1



SFR2

The rate of high z GRBs



SFR3

The rate of high z GRBs



• SFR3 seems prefered by SWIFT data.

• This SFR is irrealistic (still increases beyond z=6) : evolution effect ?

• SWIFT : Fraction(z>5) = 2% ! 20 %

Fraction(z>7) = 0,5% ! 10 %

• Bright GRBs : Rate(z>5) = 0,2 per year ! 2,5 per year

Rate(z>7) = 0 ! 0,7 per year

The rate of high z GRBs



Measuring cosmological parameters ?

! GRBs are not standard candels.

" Studies are based on Amati-like relations : correlation between
E(  : (-ray luminosity (corrected for beaming)

Ep : spectral peak energy

Ghirlanda et al. 2005

Is this method valid ?

Difficult method in practice.



1. The discovery of GRBs

2. Main properties

3. The GRB distance scale

4. The afterglow era

5. Recent results : SWIFT

6. How to produce a GRB

7. GRBs and cosmology



Summary


